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Abstract 
This paper presents an assessment of wind energy potentials of six selected locations in the Gujarat, India, by using a 19-year 
(1995-2013) ERA-interim wind speed data subjected to two-parameter Weibull distribution function. The results showed that the 
annual wind speed at a location of Okha and Motisindholi is having an average of 7.1 m/s and 7.0 m/s respectively, and Sanodar 
has lowest annual wind speed of 3.8 m/s. The maximum and minimum average wind power density and energy are 280.55 W/m2,  
2469 kWh/m2/year at Okha and 54.51 W/m2, 479 kWh/m2/year at Sanodar respectively. Furthermore, Okha and Motisindholi are 
suitable for the wind turbine applications where as Jafrabad, Veraval and Dandi can be considered for marginal wind power 
development development based on their respective annual mean wind speeds and power densities. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Organizing Committee of 2015 AEDCEE. 
 
Keywords: Wind energy, ERA-interim, 2-parameter Weibull distribution functions, Wind power density, Gujarat 
1. Introduction 
India, with its economy growing at more than 6.5 % and likely to grow around 8 % continues to face shortage of 
power and energy. The shortages are assessed to be in the range of 7 - 12% in energy and 8 - 21 % of peak demand 
capacity [1]. The total electricity generation capacity in India as on March 2013 is 223 GW and per capita 
consumption is 917 kWh in 2012-13 [1]. At present, nearly 68% of the electricity generated from the thermal and 
based on fossil fuels [1]. With growing technological advancements the usage of fossil fuel energy resources has 
increased tenfold, which ultimately gives rise to concerns regarding global warming, depletion of resources, and 
increase in carbon footprints and rise in pollution levels. It is the need of the hour to shift the focus of energy 
resources from fossil fuels to renewable energy sources, which not only create a good impact on the planet, but also 
will push the human race forward. 
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Nomenclature 
 
U  Air density, kg/m3 
k  Weibull shape factor  
c  Weibull scale factor, m/s 
G   Standard deviation 
mv   Average wind speed, m/s 
)(x*  Gamma function of x  
)(vP  Wind power, W  
)(vp  Wind power density, W/m2 
A Swept area of the rotor blades, m2  
jmE   Extractible mean monthly energy, kWh/m
2/year 
P    Mean wind power density, W/m2 
d  Number of days in the month  
)(zV  Wind velocity at height z, m/s 
)( refZV Wind velocity at the reference height, m/s 
oZ  Roughness height, m 
 
Over the past two decades, onshore wind energy technology has progressed significantly in India. Tamil Nadu 
and Gujarat are the leading states in terms of wind farm installation with a capacity of 7,378 MW and 3,550 MW 
respectively on September 2014 [2]. The offshore potential is a recent advancement and the reason for our focus 
towards offshore wind potential is due to its following merits: high wind potential compared to land, low turbulence 
leads to less fatigue factors, reduction in noise pollution, and no physical barriers for wind frequency fluctuation [3].  
In 2013, the Government of India released the draft policy for wind energy. It recognizes the significant amount 
of potential in Rameshwaram and Kanyakumari (in Tamilnadu) and Gujarat coast [4]. A comprehensive assessment 
of the wind resource potential has been carried out where the offshore potential for wind farms has been assessed as 
equivalent to 966 GW.  
The present study evaluates wind resource characteristics among the selected locations in Gujarat by considering 
long-range ERA-interim wind data from the European Centre of Weather for Medium Range (ECMWF) [5]. Gujarat 
is a state of India located in North of the equator between 20o- 25o N latitude and 68o - 74o E longitude. The 
selection of various locations in this region of study depends on two major criteria; first, the site is located at the 
meteorological station near the sea shore and the other is the position of the location has been chosen nearer to the 
grid point provided under the ERA-interim data. The geographical coordinates of the selected sites are shown in 
Table 1. 
 
Table 1 Geographical coordinates of the selected locations. 
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Station Latitude o N Longitude o E 
Dandi 20.89 72.81 
Sanodar 21.56 72.11 
Veraval 20.91 70.35 
Jafrabad 20.90 71.39 
Okha 22.46 69.04 
Motisindholi 23.16 68.78 
 
A 19-year (1995-2013) monthly wind data were obtained from the European Centre of Weather for Medium 
Range (ECMWF) for Dandi, Sanodar, Veraval, Jafrabad, Okha and Motisindholi. The main focus of this study 
includes calculating required power potential capacity, which will be acquired through rigorous analysis of wind 
speed data.  
2. Mathematical model 
2.1. Weibull distribution function 
On the basis of the data generated the probability density function encompassing wind speed frequency curve and 
wind power density function estimation with the help of expression [6] 
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While the corresponding cumulative probability function is given by [6] 
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Where k and c are the Weibull shape and scale parameter respectively. In this study, Weibull parameters are 
calculated based on the standard deviation method. The Weibull parameters are calculated based on following 
approximations [6] 
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2.2. Wind power density and wind energy 
Wind power density (WPD) is a true indicator of a site’s wind energy potential than wind power alone; it takes 
into consideration the wind speed, wind speed distribution, and air density. The wind power density can be 
expressed as [7, 8] 
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The above equation is dependent on the frequency of each velocity; hence, based on the Weibull probability 
density function, wind power density (wind power per unit area) can be calculated as [6] 
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The annual energy is defined by the relationship given by [6] 
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Where jmE  the extractible mean monthly energy is given by Pd
31024 u , P  is mean wind power density in 
(W/m2) and d is the number of days in the month considered. 
2.3. Wind speed extrapolation 
Reanalysis numerical data has been extensively used and validated in prior studies. However, in this study, wind 
speeds are collected from the latest reanalysis data set from ECMWF, the ERA-Interim data [5]. The wind speed 
data provided by ECMWF are calculated at  10 meter height about U (10U) and V (10V) direction with the 
magnitude    22 1010 VU    [9] and the extrapolation from a height of 10 m to the required hub height, i.e., 120 m 
was performed using the log-law which states that velocity V at a given height z is [7, 8] 
)/ln(
)/ln(
)(
)(
oref
o
ref zz
zz
zV
zV  
         (8) 
Neutral stability of the atmosphere and a surface roughness of mmzo 2.0  have been assumed, which is 
recommended as an average value for calm and open seas [7-8, 10].  
Table 2 Variations of monthly mean and annual wind speeds of selected locations at 120 m height. 
Station Month            Annual 
 Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec  
Dandi 4.509 4.152 4.091 4.776 6.629 7.324 8.090 7.153 4.898 3.411 4.008 4.221 5.2717 
Sanodar 3.231 3.178 3.168 3.474 4.913 5.563 5.585 5.003 3.307 2.509 2.880 2.965 3.8145 
Veraval 4.479 4.285 4.446 4.856 6.075 6.355 7.515 6.845 4.817 3.499 3.728 4.163 5.0883 
Jafrabad 5.713 5.089 5.259 5.813 7.475 8.010 9.335 8.427 5.955 4.197 4.804 5.439 6.2929 
Okha 5.961 5.757 6.257 7.023 9.159 8.910 9.785 8.918 6.716 5.087 5.208 6.116 7.0747 
Motisindholi 5.686 5.628 6.337 7.198 9.367 8.894 9.516 8.667 6.814 5.242 4.987 5.922 7.0215 
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Fig. 1. Monthly variations of (a) mean wind speeds (b) average power densities for the selected locations 
 
3. Results and discussion 
On the basis of the extrapolated data mean speed is calculated at each and every location given in Table 1. A 
rigorous data collection of nineteen years was used as input to understand the behavior of wind in these locations 
and an annual mean value of the wind speed was calculated. Therefore, the main focus of our study includes 
calculating required power potential capacity, which will be acquired through rigorous analysis of wind speed data.  
 
Table 3 Seasonal variations of wind characteristics for the selected location for the period 1995-2013. 
Station  Summer Monsoon Winter 
Dandi Mean wind speed (m/s) 5.17 6.87 4.06 
Average power density (W/m2) 116.07 261.27 52.16 
Sanodar Mean wind speed (m/s) 3.85 4.86 2.95 
Average power density (W/m2) 48.48 102.3 19.89 
Veraval Mean wind speed (m/s) 5.13 6.38 4.03 
Average power density (W/m2) 95.57 207.77 50.23 
Jafrabad Mean wind speed (m/s) 6.18 7.93 5.05 
Average power density (W/m2) 176.56 397.14 108.37 
Okha Mean wind speed (m/s) 7.48 8.58 5.63 
Average power density (W/m2) 286.28 461.18 132.62 
Motisindholi Mean wind speed (m/s) 7.63 8.47 5.49 
Average power density (W/m2) 306.18 438.75 125.86 
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The monthly mean and annual wind speeds at various locations at hub height of 120 m are shown in 
Table 2. From Table 2 it can be seen that Sanodar has least annual wind speed of 3.81 m/s while the 
annual wind speed at Okha and Motisindholi is quite high with an average of 7.07 m/s and 7.02 m/s 
respectively. Therefore, it can be inferred that Okha and Motisindholi are categorized under windy sites. 
Fig. 1 (a) and (b) illustrates the variations of wind speeds and wind power density in different months for 
the selected locations. The trend shows that May, June, July, and August account the maximum wind 
speed in all the locations, particularly it has been observed that July dominates having a maximum speed 
of 9.49 m/s in Okha and minimum 5.41 m/s in Sanodar. In addition, one should account that Okha and 
Motisindholi are having maximum wind power potential with having mean wind speed of 7.07 m/s and 
7.02 m/s respectively, while Veraval and Sanodar account 5.09 m/s and 3.81 m/s respectively.  
In Gujarat, the seasons are classified as three characters, i.e., summer, monsoon and winter. Generally, 
in Gujarat, the summer is March to June, monsoon is July to September, and winter is October to 
February. The mean wind speeds and average power densities for all seasons at all locations are shown in 
Table 3. It can be seen that monsoon leads in accounting maximum wind speed of 8.3 m/s at Okha and 
6.2 m/s at Veraval while summer season accounts maximum wind speed of 7.4 m/s at Motisindholi and a 
minimum of 5 m/s at Dandi. In winter, the performance of wind is low compared to monsoon and 
summers with maximum speed of 5.5 m/s at Motisindholi whereas the 7.7 m/s are achieved at Jafrabad. 
The monthly variation of Weibull shape and scale parameters (k and c) is listed in Table 4. It can be 
seen that k varies between 1.90 in September at Sanodar to 6.32 in May at Motisindholi. However, the 
scale parameter c ranges from a minimum value of 2.73 in Sanodar (October) to 10.41 in Okha (July). 
The average power density was maximum at Okha accounting around 280.55 W/m2, which leads to 
associated maximum power potential of 2469 kWh/m2 while Motisindholi is having a maximum average 
power density of 275.32 W/m2 and having an average energy accounting of 2421 kWh/m2. Therefore, as 
per wind speed data it is suggested that Okha and Motisindholi are the paragon locations for setting 
offshore wind farm to generating enough energy sufficing the needs of the region.  
 
Table 4 Monthly and annual variation of Weibull parameters (k and c) at the selected sites. 
 
Month Dandi Sanodar Veraval Jafrabad Okha Motisindholi 
  k c k c k c k c k c k c 
January 3.79 4.84 3.62 3.47 4.04 4.79 3.19 6.18 3.71 6.40 3.35 6.14 
February 2.84 4.52 3.18 3.48 3.55 4.67 2.95 5.60 3.57 6.27 3.31 6.15 
March 2.80 4.45 3.57 3.41 4.39 4.73 3.43 5.67 4.67 6.63 4.30 6.75 
April 2.85 5.20 3.25 3.77 4.29 5.19 3.37 6.29 5.18 7.43 4.94 7.63 
May 3.80 7.11 3.12 5.32 4.34 6.47 4.48 7.94 6.08 9.56 6.32 9.76 
June 3.53 7.89 3.01 6.05 2.91 6.92 3.27 8.68 3.60 9.61 3.61 9.60 
July 4.09 8.64 3.39 6.03 3.93 8.04 4.02 9.98 4.35 10.41 4.25 10.14 
August 3.22 7.74 2.71 5.45 3.37 7.39 3.31 9.10 4.08 9.53 4.16 9.25 
September 2.04 5.36 1.90 3.63 2.69 5.27 2.36 6.54 3.54 7.26 3.85 7.33 
October 2.67 3.72 2.78 2.73 2.86 3.81 2.50 4.59 3.18 5.51 3.33 5.66 
November 3.02 4.35 3.13 3.13 2.73 4.08 2.44 5.27 3.30 5.65 3.12 5.43 
December 3.46 4.55 3.65 3.19 3.46 4.49 2.98 5.91 3.59 6.58 3.43 6.38 
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Table 5 Monthly and annual variations of average power densities and energies for the selected sites for the period 1995-2013. 
 
Month Dandi________ Jafrabad_______ Veraval_______ Okha__________ Motisindholi____ Sanodar_________ 
 
Avg. 
power 
density 
(W/m2) 
Avg. 
energy 
(kWh/m2) 
Avg. 
power 
density 
(W/m2) 
Avg. 
energy 
(kWh/m2) 
Avg. 
power 
density 
(W/m2) 
Avg. 
energy 
(kWh/m2) 
Avg. 
power 
density 
(W/m2) 
Avg. 
energy 
(kWh/m2) 
Avg. 
power 
density 
(W/m2) 
Avg. 
energy 
(kWh/m2) 
Avg. 
power 
density 
(W/m2) 
Avg. 
energy 
(kWh/m2) 
January 64.39 47.90 141.49 105.27 61.66 45.87 149.99 111.60 136.21 101.34 24.11 17.94 
February 57.90 38.91 108.37 72.83 58.96 39.62 142.25 95.59 137.57 92.45 25.30 17.00 
March 55.85 41.55 106.58 79.30 58.70 43.67 160.68 119.54 170.99 127.21 22.88 17.02 
April 88.02 63.37 146.30 105.33 77.86 56.06 223.79 161.13 243.71 175.47 31.77 22.88 
May 204.34 152.03 276.81 205.94 150.15 111.71 474.36 352.92 503.85 374.86 90.80 67.55 
June 284.04 204.51 387.80 279.22 206.03 148.34 511.92 368.58 509.11 366.56 135.50 97.56 
July 361.89 269.25 559.15 416.01 293.66 218.48 626.16 465.87 580.13 431.62 128.40 95.53 
August 276.44 205.67 445.01 331.09 236.56 176.00 485.00 360.84 442.24 329.03 104.14 77.48 
September 122.71 88.35 196.60 141.55 94.85 68.29 221.63 159.58 223.53 160.94 41.17 29.65 
October 33.36 24.82 65.06 48.40 34.57 25.72 100.11 74.48 107.11 79.69 12.95 9.63 
November 50.31 36.22 100.29 72.21 43.35 31.21 106.66 76.80 96.42 69.42 18.50 13.32 
December 54.86 40.82 126.63 94.21 52.61 39.15 164.07 122.07 151.99 113.08 18.58 13.82 
Annual 137.84 1213.40 221.67 1951.36 114.08 1004.13 280.55 2469.00 275.24 2421.67 54.51 479.38 
 
 
The wind power density at Veraval and Sanodar encountered less having an average power density of 
114.08 W/m2 and 54.51 W/m2 respectively, and power energy accounting 1004 kWh/m2 and 479.38 
kWh/m2 respectively. These results confirm that installation of wind turbines at the location having a high 
power density is a matter of great potential for generating maximum power output. The monthly and 
annual variations of average power densities and energies shown in Table 5.  
4. Conclusions 
Site selection for wind farm projects is of great importance. Many acceptance issues can be prevented 
by early selection of right location for the project. From the statistical data, the following facts can be 
drawn from the present study 
x All the locations that considered have annual mean wind speed more than 3.8 m/s.  The annual 
wind speed at Okha and Motisindholi is quite high with an average of 7.1 m/s and 7.0 m/s 
respectively Sanodar has least annual wind speed of 3.8 m/s; while the maximum mean wind 
speed of 9.49 m/s is computed in July at Okha and minimum value of 5.41m/s at Sanodar. 
x The maximum and minimum average wind power densities and energy are 280.55 W/m2, 
2469.00 kWh/m2/year at Okha and 54.51 W/m2, 479.38 kWh/m2/year at Sanodar respectively. 
x The Weibull shape parameter k varies from 1.90 in Sanodar and 4.94 in Motisindholi while the 
scale factor c ranges from 2.73 in Sanodar and 10.41 in Okha. 
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x Based on the respective annual average wind power densities for the selected locations, Okha 
and Motisindholi are suitable for the wind turbine applications. Jafrabad can be considered for 
marginal wind power development. 
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